DOCDllIT BBfDMl 



IB 009 020 

Kottenatettey James i And others 

BlcretMrninal/MiGrofiche System for Cooputer^Based 

Instructions Hardware and Software Development, 

Denver Oniv, , Colo* Denver Eesearcb Inst, 

air Force Human Beiources Lab., Brooks IFBf Texas, 

AFHEL-TB-S0*17 

Oct BO 

F33615-7B-C*00«6 
B3p^ 

HfOI/PCOa Plus Postage. 

^Computer Assisted instruction i *Comput6r Managed 
instructioni Diagrams i Jlow Chartsi Instructional 
Developments *Mlcrocomputersi *Micro£ichei Military 
Trainings Questionnaires! Technical Iducation 



The mlcroterminal/microf iche (MT/Mf) system described 
is part of a continuing effort to investigate the feasibility of a 
low^costr stand-alone device for the delivery of the testing 
component of technical training in a aomputer*baaed instruGtional 
(CBI) ^environnenta A description of the hardware for the system 
incluaes the ta.Sid microtermlnal conf igurationy component 
modifications^ and HI/MP Interface description and operation. The 
develcpment cf software for progression testing support and 
microfiche control is also described. The MT/MP was evaluated using 
three experimental groups and one control group in a Precision 
Heasuring Squlpment Course at Luwry AFE, Three major areas of concern 
were evaluated^ (1) whether the use of the micrcterminal had a 
positive effect on test-taking behavicr^ {2) whether the MT/HF system 
would have an Inhibiting effect on student performance reflected in 
either block score or test taking time^ and (3) the effect of student 
attituderv *; he findings indicate that the microtermlnal is a 
ireferr^i ^^chnolegy for the recording of answers to. test items in a 
CBl environment^ and that the use of microfiche for the presentation 
of test items does not impose any problems for students in terms of 
their ability to perform, Besults art! reported with supporting tables 
anfi q??8stionnaire summaries, (CHC) 



ID 196 «16 

iOTHOB 
TITLl 

INSTITOTION 
SPOHS AGENCr 
fBPOET NO 
POB DATE 
COHTBACT 
SOTl 

EDfS PBICl 
DESCBISTOBS 



ABSTBACT 



i * Beprodvctions supplied by EDES are the best that can be made ^ 
^ * from the original document* * 



AJHBL-'mlsO-l? 



AIR FORCE m 



NATIONAL iNSTlTUTe @F 
eaUCATlOH 

THIS DOCUMENT HAS lEEN eEPR&. ; 
DUCED EXACTLY AS RECilViO PROM 
THE PERSON aft ORaAfylZATlQN ORIGIN* 
ATING IT POINTS OP. VIEW OR OPINIONS 
STATED DO NOT NmtE%%AmLf REPWi* 
SINT OFPlCiAt NATrONAL IKSTlTUTeOP 
EPUCATION POliTiQN POLlCV 




MicmTEmmAL/Micmmm system 

FOR COMPUIER-BASED WSmUClIONs 
HARDWARE AND SOFTWARE DE1/EL0PMENT 



By 

James P« I^ttensieae 

Dale A. Steflkn 
Denver Beseatch hsdtiite 

UiiivesiW of Denver 
Denver^ Cobrado 80203 



Joseph P* Lamos 

DDGBTICS AND TECHNICAL TRACING DIVISroN 
Techni^l Training Branch 
Lowiy AirForee Base, Colorado 80230 



Oetobir1980 ' 

to^ifm Report br Period July 1978 — Janiuiy 1980 



Appfoved for publie releases distribution unlimiied. 



LABORATORY 



Al^ FORCE SYSTEIVIS COMMAND 

BROOKS AIR FORCE SASiJIXAS 7S235 



4 



NOTICE 

When Government drawingi, ipecificationi. or other data are uied for any purpose 
other than a definitely related Government procurement operation, the Government 
thereby incuri no reiponsibility nor any obligaiion whatsoever, and the fact that the 
Government may have formulated, furniihed, or in any way iupplied the iaid drawingi, 
specificationi, or other data is not to be regarded by implication or otherwise, as in any 
manner liceniing the holder or any other person or corporation, or conveying any rights 
or permiiiion to manufacture, use, or sell any patented invention that may in any way be 
related thereto. 

This interim report was submiiied by Denver Research Insiiiuie, Univeriity of Denver, 
Denver, Colorado 80208, under Contract F33615-78-C^046, Project 1121, with the 
Logistici and Technical Training Division, Teclmical Training Branch, Air Force Human 
Reiourcei Laborstury (AFSC), Lowry Air Force Baie, Colorado 80230. Mr. Joseph 
Lamoi was the Contract Monitor for the Laboratory. 

This report has been reviewed by the Office of Public Affairs (PA) and is releaiable to the 
National Technical Informaiion Service (NTIS). At NTIS. it will be available to the 
general public, including foreign nations. 

l*his technical report has been reviewed and is approved for publication* 

ROSS L. MORGAN, Technical Director 
Logistics and Technicai Training Division 



RONALD W. Terrry, Colonel, USAF 
Commander 



HJKCT TO EXPORT (lONTROL LAWS 

IMii?. (hirunUMn rontiiiii?. inr<irmuii«in lor niunulin tuping or u^ing munitions of war, 
K\[Mirt of ihi* inrorniuliiiii roiUaiiu-d herein, or rch*a^40 to foreign national?? within th<* 
I niU'd Slulr?^. wiihoiil tir?*! ohlaining an ONport lircnHc. \^ a violation of the I nii'rnational 
rrarnr in \rm^ Hrgulaliun?, Hurh violalion ^iilijerl to a penalty of up to 2 year^ 
iMilirUoinnrnl uiid a fine of SHMUMH) under 22 I'.S.C. 2778. 



3 



UnDlassified 

SEOUftlTY CLASifFlCATlQN OF TNli WAQE fWhmn Datm Entered) 


REPORT DOCUMENTATION PAGE 


READ INSTRUCTIONS 
BEFORE COMPLETrNG FORM 


1. REPC5RT NUMBER \2_ GOVT ACCESilON NO 


3. RECIPIENT'S CATALOG NUMBER 


4. TITLE (sfd Subttii^) 

MiCROrERMINALAllCROFFCHE SYSTEM FOR 
COMPUTER-BASED INSTRlCTlONr FIARDWARE 
AND SOFTWARE DEVELOPMENT 


S. Type OF REPORT S PERJOD COVERED 

Fnteriiu 

July 1978 ^ January I'^BO 


PERFORMING ORG. RERDRT NIJMBEP 


7. AUT HQ Rr»; 

James P, KoUen^lefie 
Dale A. Siefff?ii 
Joieph P. Lamos 


i. CONTRACT CR GRANT NUMBERfi^ 

F33ftirs-784:-00 16 


0 FERFORMiNS ORQANtZATlQN NAME ^.nO AODrSSS 

I nivfp^ifv of Denvt*r 
Denver. Coiorado 8(1208 


IS. PROGRAM ELEWEnT. PROJECT TASK 
AREA a *ORK UNfT NUMBERS 

0220,^ F 
1121013;^ 


n. CONTFOULING OFFICE NAME AND ADDRESS 

HQ Air Force Hum an R I'^cMiri, rj-^ Ld^jnraitjrv {AF,S(;) 
Brooks Air Forcn Base, Texyj^ 782.^5 


52, REPORT DATE 

October 19S0 


13. NUMBER OF PAGES j 

78 


f4. MOHiTOmNQ AGENCY NAME & ^DDRKSSfii diiferetit (fom Canfro/nng Off:^^) 

LopsUv^ and Trrhniral Traininij Division 
Technical Trainijig Branch 

Air Forrn Human Resources Lahoralorv ^ 


1i. iECURSTY CLASS, fof ihis fepp.r-j 

1 iii-Ia.H^ified 


Lowry Air Forrf? Base. Cv^lonido 80230 


*Sa. DECLASSlFiCATlON DQWNGRADfNG 
ICMEDU LE 


is. OfSTRlBUTrON i f ATEMSNT faf ^ RBpart} 

Approved for puhtir rf^leaHei di^lribution Ui^limiied. 



17. DliTRIBUTION STATEMENT (oi ths ^tstfite! enifrwd In Block 20, U ditt^r^nt from R^pSft) 



is. SUPPLEMEMTARV NOTES 



KEY WORDS (Cantihus on Fevstae aids if nmsmM§aFy and idsntily by tjaek numbcrl 



advanced initructional system meaiurement 

T'omputer-baied inslriiction microterminal 

compuier-baied testing microficiie 
computer-managed instruction 



teehnieal Irainuig 

com puteT-assisled instruetio n 

interactive testing 



10 ABSTRACT 



"■♦fnu^ en ravmras nida if neemsaaty and idaffiity by bi -^k numb^f) 

flujimenl of the Air Forn* Hir n Rr ; > 
imbine microprot -'^"^or tech * ^it- 



uf technical training tvtth a 
imal environments, including 



'1* 



inglruttion. The system is romposed of four nujor « 
componenti are (a) microlerminaL (b) microfiche reader 
between the microtcrminal and the mlcrofinhe reader, 1 



'iraiory M icroterminaWIkTofiche System is 
'- uiedium lo provide a low co^t syiteni for the 
in the broader scope of computer-based 
iiged instruction and computer-asslited 
oin?nls and associated interfaces. The maja 
) memory module, and (d) hardware interfart 
microterminal 1r the result of a previoui effort 



and was developed to support stand-alone, off-line testing. The microfiche reader is an off-the-shelf unit and 



00 ,:2r73 1473 



ERIC 



Unel assificd 

SECURITY CLAiSlFlCATjON OF THfi PAGE (Whan Data Entatmd) 



UnclaMified _^ 

SeCU RlT¥ eu ASSI F iCA TlQN OF THIi PAQlf»?8>fi g ala gwfaf C 



Item 20 ContioUidt 



is idipttd to allow aexiiiag of the poiition of the platen containing the microfiehe §o that frame locations can 
be verified by the microterminai software. The memory module i§ portable and removable from the 
miorotermiiiii which pro7tde§ as interface to a larger computer^aied instruction fjitem. The 
microterminal can lupport Tarious leveli of teiting and has already been iueceisfully demonstrated in a 
technical training enHronment. The interface between microterminal and microfiche coniiiti of liaear 
position U'mnaducen on the microfiche nnii and control circuitrf in the Aicrolerminal to proTide platen 
position sensing and additional circuitry to allow software control of the projection lamp. A demonitration of 
the microterminali^icrofiche lyitem has been succesi^lly performed supporting testing functions in 
technicil trEining. The demonstration ifaowed that the microterminal is a preferred technology for recording 
student responsei during testing and that the microfiche presentation of test items is an effectiTe medium. 



5 



Unclaiiified 

SECURITY eUAiSlFlCATlON OF THli PASlfl^trt Oalm Sntmtwd) 



CONTENTS 

Page 

I. INTRODUCTION. .................... g 

Background* 6 

Objectives. ................ ^ ^ . 7 

Microtennlnal/Mlcrofichi System Description . . . . . 9 

II- HARDWARE. . . . . . 12 

Basic Microtermlnal Configuration . , . ■ . ig 

Component Modifications , . . ]2 

MT/MF Interface Description and Operation ...... 13 

III. SOFTWARE 77 

Progression Testing Support ...... 17 

Microfiche Control Software .... ]y 

IV. COURSEWARE INTERFACE. ........ — ^ 20 

Design Considerations ......... . 20 

V. MICROTERMINAL/MICROFICHE SYSTEM DEMONSTRATION/ 
EVALUATION. * . . 25 

VI. CONCLUDING REMARKS^ ........... , 40 

VII. REFERENCES. . ^ 41 

Appendix A - Configuration Specification 

Appendix B - Assembly Drawing Parts List 

Appendix C - Circuit Description and Schematic of Adaptor Module 

Appendix D - Software Functional Flow Diagrams 

Appendix E - EDITFICHE Program Flow-Detailc ..riptlon 



6 



O .. . , ^ 1 

ERIC 



LIST OF FIGURES 

Page 



Figure 1 


Block Uiagram of Configuration. . 


. . , 10 


Figure 2 
Figure 3 


Block Diagram of Interface Circuitry 
(Position Transducers)* 

Block Diagram of Interface Circuitry 
(Microfiche Control) 


. . 14 
, . 15 


Figure 4 


Microfiche Layout . 


. . 19 


Figure 5 


EDITFICHE Program Flow. 




Figure 6 


'TRAME" of Demonstration Test Questions . . . 


. . 22 


Figure 7 


DuaNfiche Development Process. ....... 


. . 23 


Figure 8 


Student Questionnaire (Gl). . 


. . 33 


Figure 9 


Student Questionnaire (G2). ......... 


. . 35 


Figure 10 


Student Questionnaire (G3). 


. . 37 

* 


Table 1 


LIST OF TABLES 
Test Mean and Standard Deviation ...... 


Page 
. . 27 


Table 2 


ANCOVA for Block Time and Condition . , . . . 


. . 28 


Table 3 


ANCOVA for Block Score and Condition. .... 


. . 29 


Table 4 


ANCOVA for Test Time and Condition 


. . 30 


Table 5 


PERCENT RESPONSE to Student questionnaire I ten 


IS . 32 



7 

2 



SUMMARY 



The mi croterminal /microfiche (MT/MF) system development is part of 
a continuing effort to Investigate the feasibility of a low-co^t, stand 
alone device for the delivery of the testing component of technical 
training in a computer-based instructional (CBI) environment The ob- 
jective of this effort was to develop hardware and computer software ^ 
to interface the Air. Force's prototypic mi croterminal to an "off-the- 
shelf microfiche unit, to develop materials on microfiche to support 
progression testing (the serial presentation of criterion-referenced 
test Items), and to conduct a demonstration of the developed capability 
in a CBI environment. The results produced in attaining these objec- 
tives will guida the further development of MT/MF system cspability to 
support selective testing and retestlng, during the second phase of 
this research p-ogram, and ultimately, the development of adaptive test- 
ing capability utilizing a stand-alone configuration. 

BACKGROUND 



In a CBI system, a significant cost is associated with terminal 
hardware and its attendant support features. If a large computer- 
assisted instruction (CAI) component exists in a CBI system, signifi- 
cant terminal costs result from the requirement of dedicat'^d 3 
for each student. Unlike central site mainframr and communication 
costs which can be amortized across large numbers of student^, CAI ter- 
minal cn-ts are alrectly and linearly related to the absolute number of 
students supported. For computer-managed Instruction (CMI), the pm- 
portionate cost of terminals can be ^mortized over large numbf^^s 0^ 
scudents as is done for the central site maint ame am; commun.cati^ , 
since students share terminals. Huwevef, CMI lacks the level of inter- 
action provided by CAI at the lesson level and results in recurring 
costs associated with the use of comf;ter forms and support materials. 

_ Prior research has determined that use of a small, stand-alone, 
microprocessor-based terminal can support student activities in a 
broader CBI environment by providing a form of CAI in the context of 
CMI operations. Concurrent with earlier research, the feasibnity of 
using microfiche as an alternative medium for the delivery of techni- 
cal training was investigated to devise a microfiche system t^^at met 
administrative and production criteria in addition to instructional 
media criteria. The result of that investigation brought the puwer of 
computer output microfilm (COM) to bear directly on the probl(>ms of 
producing, updating and revising instructional materials while gaining 
the flexibility necessary to produce graphics consistent with content 
formatting requirements. 

It was visualized that the combination of the microterminal and 
microfiche components would result in a stand-alu. ? capability that 
incorporates the necessary elements of an interactive terminal, namely 
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information presentationj response handn'ngt and data collection 1n 
low-cost configuration, 

APPROACH 

In order to achieve the combTn?tion MT/MF, a hUrdware interface 
was required between the two CMpDntr-ts in order for the microterminal 
to track each microfiche frame prujs^^ted by the microfiche viewer* By 
incorporating instructional logic )n the microterminal that was coordi- 
nated vnth the content format of the microfiche^ the tracking capabili- 
ty provid^jd by the interface offered a means for directing a student 
to specKic information locations on the microfiche and recording sty- 
dent reiiponses coordinated with frame locations* In addition to hard- 
ware development, basic control interface software was required for 
the terminals as well as the design and Initial development of editing 
software to aid in the production of Insiructional content that could 
be managed and controlled by the microterrnnal . 

SPECIFICS 



A detailed configurat. j^cification was produced which guided 
the development of a prototj j MT/MF system, which was demonstrated In 
a classroom environment that utilized CBI methods. Hardware components 
which allowed the integration of an existing "off-the-shelf" microfiche 
unit with the microterminal were developed and consisted of the addi- 
tion of linear position transducers and; control circuitry w sense the 
position of the platen containing the microfiche. In addition, cir- 
ciMtrv was developed to allow software control of the projection lamp. 

Ten prototype MT/MF units were produced for the purpose of denon- 
strati ng progression testing consistent with criterion-referenced test- 
ing objectives. Software, courseware, and production techniques were 
ds^'eloped to allow for delivery of progression testing in a stand-alone 
configuration. The demonstration Involved evaluation of three experi- 
mental student groups and a control group. Student performance was 
evaluated for the microterTninal alone, the microfiche test format in 
hard copy, and lastly, the MT/MF system. 

RESULTS AND CONCLUSIONS 

The specific objectives of Phase I of the MT/MF development were 
achieved, and the demonstration of the tec/mo^ogy showed that (a) the 
microterminal is a preferred technology for recording student responses 
during progression testing and (b) the microfiche presentation of test 
items Is an effective med1um---gauged by the students ability to use 
the COM p)*oduced test format. 

The principal areas of Improved CBI performance expected from in- 
corporation of the MT/MF system are (a) the use of the mainframe com- 
puter in the production of courseware delivered by the microfiche com- 
ponent, (b) the use of alternative Instructional functions, including 



progression testing, selective testing, and adaptive testina and in- 
struction, (c) increased test security and integrity of the testing pro- 
cesss Id) increased precision in the testing process, (e) reduced costs 
in rhe adniH.i strati on of tests, and (f) reducfed costs in the delivery' 
of auiptive instruction through student terminals. 
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T, INTRODUCTION 



The development of an Air Force Human Resources Laboratory (AFHRL) 
M1croten.irnal/Microf1che (MT/MF) System has been planned fwr three 
phases. This report documents Phase I - the development of the hardware ^ 
software, and courseware require i to Interface the Air Force microter- 
minal with a microfiche viewer ana then a demonstration of the operation 
of the combined units* 

A* Background 

Prior research has determined that use of a smalls stand-alnne 
microprocessor-based terminal can support student testing activities in 
a Computer-Based-Instructional (CBI) System such as the Advanced Instruc- 
tional System (AIS) at Lowry AFB, Colorado. The concept of such an in- 
teractive testing terminal was first demonstrated by APHRL at Lowry AFB 
in the period 1975-76 (Kirby & Gardner^ 1976). The rat^^ nale for the 
concept was an outgrowth of an attempt to find an alternative to the 
large number of paper-and-pencil tests required for AIS implementation. 
With several thousand students attending technical schools supported by 
AIS at that time^ the large volume of test forms presented a logistics 
profciam, as well as a major expense item in the operation of the AIS. 

Further research was conducted by AFHRL and the Denver Rasea^^ch In- 
rtitute (DRI) during the period 1977-78 (Steffen^ Gray, Wasnundt, anr" 
LamoSs 1978) to refine the design of the initial terminal and to perfoni; 
further research on the utility cf such a device in a CBI environn.ent. 
The device tested is now referred to as the microterminal . 

The microtermlnal is a desk-top unit not much larger than a standard 
10-key adding machine. Its major design innovation is a plug-in memory 
module that records student responses for future retrieval. The micro- 
terminal keyboard and light-emitting diode (LED) readout are complemen- 
ted by a series of LED indicators which step the student users through 
the proper test sequences allow them to review or skip questions, and 
notify them when all items have been answered. At any time? a student 
may remove the module from the microtermlnal and return later without 
a loss of recorded data or student progression. 

The research performed to date indicates that use of the microter- 
mlnal as a substitute for computer-readable (mark sense) test forms pro- 
vides an instructional and economic advantage, Thesn results (Steffen 
et al . s 1978) suggest that the speed and accuracy with which students 
complete a test are improved, and if an appropriate amortization period 
is considered s the capital investment in the microtermlnal would effect 
a savings over the recurring costs associated with the use of test 
forms* 

The feasibility of using ml.rrofiche as an alternative medium f^r the 
delivery of technical traininci was investigated concurrently with the 
research effort on the m1croterm?'nal (Kottenstette, 1979)* The approach 



takenin the 1 Ivestigation was to devise a microfiche system that met 
admirn strati Vb and production criteria 1n addition to Instructional 
media criteria. 



This system called the dual-fiche concept, provides a way to sepa- 
rate the production of the text component of an instructional module 
from the production of the graphics component, and still combine or 
merge the two types of Information at the point of use— the microfiche 
reader. This development brought the power of Computer Output to 
Microfilm (COM) to bear directly on the problems of updating and re- 
vising instructional materials while gaining the flexibility necessary 
to produce graphics (partlcula; : v color-intensive graphics) consistent 
with content formatting requirements. The dual-fiche concept should 
be understood as Involving two transparencies, one with tsxt and the 
other with graphics, including continuous tone color imagti If re- 
quired. Images from each transparency are projectsd simultaneously, 
much as is done with complex vlewgraphs having registered overlays 
that are projected together. 

The purpose of the present effort is to combine the management and 
control capability of the microterminal with the information presenta- 
cion capability of" the microfiche to produce an Interactive, stand-alon 
training system. In order to achieve this combination MT/MF, a hard- 
ware interface is required between the two components In order for the 
microterminal to track each microfiche frame projected by the micro- 
fiche viewer. By incorporating instructional logic in the microter- 
minal that is coordinated with the content format of the microfiche, 
the tracking capability provided by the interface offers a means for 
directing a student to specific Information locations on the micro- 
fiche and recording student responses. In addition to hardware develop- 
ment, basic control interface software is required for the microtermi- 
nal as well as design and development of editing software to aid in the 
production of instructional content that is connected to COM microfiche 
and is. In turn, managed and controlled by the microterminal. 

B. Objectives 

The overall objectives of the three-phase effort are as follows: 

1. Develop hardware and computer software to interface the Air 
Force prototype microterminal to an "off-the-shelf" micro- 
fiche unit to support at least the following capabilities: 

a. Progression Testing - the serial presentation of objec- 
tive-type test items with capabilities to provide correc- 
tion of answers, return to skipped Items, and corrective 

feedback. 

b. Selective Testing - access of predetermined objective - 
type test items out of an item pool for measurement of a 
selected instructional objective or objectives and in- 



corporating the same respontc capabilities provided for progression 
testing. 

. e. Adaptive Testing and Instruction - Presentation of objec- 
tive-type test items and instructional content in a 
pseudo-random or branching manner determined by a compu- 
ter-stored algorithm and providing the same risponse 
capabilities provided under progression testing. 

2* Develop instructional courseware for the purpose of demonstra- 
ting the capability of the MT/MF system to support at least 
progression testing, selective testing, and adaptive testing 
and instruction. 

3. Demonstrate, in the computer-managed instructional (CMI) en- 
vironment of the AlSt the support of progression testing, 
selective teuting, and adaptive testing and instruction 
through utilization of the MT/MF system. 

The specific objective to be realized during Phase I, and the sub- 
ject of this report, was the development of the MT/MF system hardware 
and the development of essential software and courseware to demonstrate 
the MT/MF system in support of progression testing. The following 
tasks were accomplished to achieve the objective of Phase I: 

1; A detailed configuration specification for the MT/MF system 
development was produced. 

2, Twenty microtermlnals were produced with a hardware capacity 
to support progression testing and non=m1crof1che supported, 
linear-sequenced instruction. 

3, Hardware components were developed to allow the integration of 
an existing "off-the-shelf" microfiche unit with the micro- 
terminal , 



4. Software was developed to support progression testing. 

5. Ten prototype MT/MF system units (using existing microterml- 
nals) were produced for the purpose of demonstrating progres- 
sion testing and subsequent capabilities. 

6. Courseware and attendant techniques were developed to demon- 
strate the capabnity of the MT/MF system to support progres- 
sion testing and to perform a demonstration of the capability. 

The configuration specification of Task I has been produced as a 
separate document. However, because of the importance of this speci- 
fication as a guide to the performed research and development, certain 
sections of the specification considered pertinent to the effort per- 
formed during Phase I, are reproduced in this report; Appendix A con- 



tains Sections 1 (Scope), 2 (Applicable Documents) . and 3.1 (Require- 
ments, Definitions) of the configuration specification. Some of the 
content of the specification also appears In the main body of this re- 



C. Ml croterminal /Microfiche System Description 

_\ _The MT/MF system Is composed of four major components and asso- 
ciated interfaces. The major components of the system are (a) micro- 
terminal, (b) microfiche reader, (c) memory module, and (d) hardware 
interface between the ml croterminal and the microfiche reader. This 
hardware interface enables coordination of the information presented 
on the _microf1che with the instructional strategy Implemented and con- 
trolled by the microtermlnal . In addition to this MT/MF interface, a 
communication capability to the AIS, or other CBI system, is required 
to permit data transfer to and from the microtermlnal memory module, 
ft third interface, a software/courseware interface, Is required to ef- 
fectively integrate the MT/MF system into the CBI system. While the 
third interface Is not essential to system operation, Its development 
as an AIS component ensures correspondence between directives given by 
the microterminal and the specific courseware and test material pre- 
sented on the microfiche reader display. Block diagrams of the major 
, system components and interfaces are Illustrated In the configuration 
specification appended to this report. 

The MT/MF system complements CBI systems, such as the AIS, by pro- 
viding for (a) student response handling (microtermlnal), (b) course- 
ware presentation (microfiche), and (c) data collection relative to 
the students' transactions on the MT/MF (memory module). The relation- 
ship between the MT/MF system components and the CBI system in which 
it_1s embedded ii shown in Figure 1. Note that provision has been 
made for the delivery of courseware using paper-based or hardcopy 
materials in addition to the microfiche delivery medium. In this 
case, all verification functions provided by the interface between 
the microtermlnal and microfiche reader are accomplished by the "Stu- 
dent Subsystem." The shaded area of this figure represents the hard- 
ware configuration of the componentsj enclosure "A" represents the 
provisions for the MT/MF subsystem Interaction with a CBI system when 
yicroflche is being used for the delivery of courseware; and the dashed 
line 'B" represents the provisions for this interaction when hardcopy 
materials are to be used as the courseware delivery medium. In the 
latter case, those components included in enclosure "A" are not pre- 
sent In the configuration. 

_ Secti'on 11 of this report addresses the hardware developed during 
Phase I, while Section III reviews the software development efforts, 
and, Section IV discusses the developed courseware interfacing techni- 
ques. A demonstration of the MT/MF system took place In an institu- 
tional environment In which student performance and student attitudes 
were determined. The effectiveness of the MT/MF system as a function 
of Phase I characteristics was assessed in terns of administrative 
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factors and training effectiveness. Section V contains a description 
of the demonstration, and concluding remarks along with recommendations 
for the continuing efforts are presented In Section VI. 
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II. HARDWARE 
A, Basic Microterrnlnal Configuration - 

The original testing device developed by AFHRL and referred to as 
a "student responder" consisted of a keyboard, several display elements 
and a column of individual message display lamps (Kirby & Gardner, 
1976), The responder required continuous interaction with a large cen- 
tral computer--a costly and undesirable feature. A microcomputer was 
incorporated into a redesigned responder to provide a dynamic stand- 
alone capability. With this change the unit became known as the 
"micro terminal." In 1976, DRI undertook a pv^oject to detennine a 
hardware Interface which would enable the mi crotermTnal to tra^^ 
data directly to the central site. The modifications made to the pro- 
totype to effect this change consisted of additional support circuitry, 
input/output (I/O) buffers, and several softwf.re changes (Wasmundt^ 
Staff eh, & Kargo, 1976). 

A study conducted during 1977, identified further hardware and 
software features which placed limitations on future applications of 
the device. Testing scenarios and security applications were limited, 
and there was no capability to communicate with other external compon- 
ent^, such as a microtlche projector, an external memory, or similar 
devices. The study resulted in a project to Incorporate three major 
^hanges in thr prototype microterminal * These were the inclusion of 
an external parallel I/O connector with associated electronics, the 
addition of an external memory module and incorporation of a power 
supply unit (Steffen et al., 1978). 

These development efforts resulted in a microterminal not much 
larger than a 10-key adding machine, whose major Besign characteris- 
tics iriciuded student answers for future retrieval, a keyboard for 
student inputs and an LED readout complemented by a series of LED in- 
dicators. These indicators step the students through the proper test 
sequence, allow them to review and skip questions, and notify them 
when all items have been answered. At any time, a student may remove 
the module from the microterminal and return later without loss of 
answered Items or change in sequence. Also included in the microter- 
minal are a group of colored Indicators which may be used for adaptive 
instruction and testing. This basic configuration set the stage for 
research into hardware components which would interface the microter- 
minal to a microfiche projector. It was apparent that in addition to 
necessary connectors and circuitry modifications would have to be 
made to the microfiche projector to provide a means of correctly posi- 
tioning and calibrating the images to be viewed, 

B, Componem Modifications , 

The microfiche viewers selected for these modifications were the 
Micro-Design 4010 and 4020 models manufact«jred by Micro-Design. These 
viewer models are identical except for their viewing screen size. 
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The modi fi cation consists of the addition of linear potentiometers 
to sense the position of the microfiche platen in both tf > X and Y 
directions, and a solid-state relay to control the projection lamp. 
A- cut-away drawing in Appendix B. shows the location and mounting 
of the brackets and wipers for these potentiometers. 

A printed circuit board Is used to mount the solid state relay that 
controls the 110 VAC to the viewer and to mount the variable resistors 
used to establish "set points" on the potentiometers and^ in effect, 
to calibrete the system. The I/O connector that connects the viewer 
to the mlcroterminal is also mounted on this board. The cut-away 
drawing also shows the mounted position of this board In the viewer 
base. A 14 conductor ribbon cable connects the viewer to the adaptor 
module In the mlcroterminal. 

The adaptor module is designed as a plug-In unit that Is plugged 
Into the memory module socket of the mlcroterminal. Back-to-back plug 
and socket connectors allow the memory module to be plugged into the 
terminal in the same manner as In normal operation. This allows a 
microterminal to be used with the microfiche viewer without any physi- 
cal changes required to the microterminal. Tables 1 and 2 in Appendix 
B detail the parts used to modify the microfiche reader. A detailed 
cost analysis of the adaptor module and microfiche viewer rrodifi cations 
win not be conducted until it is certain the present design is suit- 
able. 

C. MT/MF Interface Description and Operation 

Figures 2 and 3 show block diagrams of the MT/MF Interface circui- 
try used to establish the proper position for the microfiche carrier. 
When the carrier is properly positioned, the lamp and fan will come on 
and the student can observe the courseware or test material Identified 
by the microterminal LED readout. 

Rj< and Ry are linear potentiometers (position transducers) in- 
stalled in tne viewer during the component modification. Wipers are 
installed to sense the position of the carrier with respect to an ex- 
treme end position. Resistors are used to adjust the maximum and 
minimum voltages that result when the carrier Is at an extreme XY 
position. Thus, voltage through the potentiometer varies with the 
position of the carrier. 

The adaptor includes an analog-to-digital (A/D) converter. The 
converter changes the analog form of the voltage signal to the digi- 
tal equivalent, 

The microterminal may inform the student, for example, that ques- 
tion #1 for a test Is located at X, Y coordinates G-7 on the micro- 
fiche frame. The microterminal also saves the digital representation 
of these coordinates for later coiMparisons. Power to the microfiche 
lamp is controlled at the mlcrotei'minal I/O bus and at this time 
.the lamp is out. "Analog Select" and "Start Convert" signals are 
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transmnted from the fflicroterminal to the A/D converter. The start 
fM. a clock which alternates selection of the X and Y 

voltage output and converts the voltages to digital coordinates. 

When a match of both the X and Y coordlnntes Is found, the circuit 
iL^readlSeluestion' '"^''''''^^ on. and the student 

^Through this process coordination Is maintained between the ques- 
tion number shown on the mIcroterFnInal and its location on the micro- 
none p laten. 



circui 



Appendix C provides the logic network and schematic layout of the 
uitry and a techmcal description of the adaptor module. Included 



i?vHHn^?-"""'°^ °^.*^f calib>"ation procedure that Is used to match In- 
□ividual microterminal and microfiche parameters. 
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III. SOFTWARE 



The software dgvelopment for this phase was divided into two parts. 
This was done so that the progression testing program could be evalua- 
ted separately from the microfiche control program. 

A, Progression Testing Support 

The progression testing program cor lists of four test types which 
include the following modes of operation: 

Type I, jjrovlsion for no answer feedback , ability to skip items, 
ability to correct answers. 

Type 2. Provision for correct answer feedback, ability to skip 
items, and no correction of answers after feedback. 

Type 3. Provision for indications of incorrect answer feedback 

until correct answer Is given, ability to skip items, and 
no correction of answers after feedback. 

Type 4. Provision of feedback of correct answers delayed until 

end of test, ability to skip items, and ability to correct 
answers until initiation of delayed feedback. 

The development of software to implement each of these modes of 
progression testing ensured that the microterminal could be utilized 
independently in CBI applications. That Is, student responses could be 
recorded for any of the four types of progression tests specified above 
without regard to the medium used to present the test questions to the 
student or user. For eHample, to deliver Type 3 Progression Testing 
using a controlled test booklet, the test booklet number would simply 
be entered In the microterminal via the keyboard,, and the software would 
interpret the booklet number for the test type to be implemented in 
addition to other administrative data. This software development effort 
was largely an extension of the work reported earlier (Steffen et al., 



B. Microfiche Control Software 

When a microfiche presentation of progression testing materials 1s 
used 1n conjunction with the microterminal (the most rudimentary re- 
quirement met by microterminal software), in addition to administering 
a particular test type, the projection lamp in the microfiche viewer 
must be controlled. If it is considered that more than one test or test 
version will be recorded on the microfiche (a practical example Is found 
in Air Training Command Residence Courses in which Block Tests for cri- 
terion-referenced objectives typically have between 20 and 40 test 
items while the fiche may hold several hundred such items), it will be 
apparent that only the prescribed test or test version. should be acces- 
slbleto the student. The microfiche control software that was devel- 



oped provides the means for muminatlng only that portion of the 
microfiche containing the prescribed test or test items by utilizing 
the f1 Che position monitoring capability of the microtermlnal logic. 

For purposes of the MT/MF demonstration, control software was 
devsloped which provided access to only one of the test versions re- 
corded on microfiche. Each test version was fonnatted so that It occu- 
pied one-third of the information area available on the fiche (the 
fiche format is described in more detail in Section I V-Courseware In- 
terface); ThuSp the control software was designed to allow only the 
prescribed test version to be Illuminated, again based on the Block Test 
version number keyed Into the microtermlnal (which for purposes of de- 
monstration also specified that type 1 progression testing was to be 
employed). Figure 4 Illustrates the fiche layout for the three test 
versions used in the demonstration. It should be noted that the devel- 
opment of control software has not proceeded to the point where an in- 
dividual frame location on the fiche can be specified on the microter- 
mlnal display (on a pseudo-random basis) and the screen is illuminated 
only when^ that particular frame location is accessed by the user using 
the frame coordinates displayed on the microtennlnal and the fiche in- 
dex grid on the microfiche viewer. This control software development 
can be used to provide progression testing based on selection of Items 
from a pool of test Items developed for each Instructional objective. 
This development should also be considered as a prerequisite for imple- 
menting selective testing on the MT/MF, an objective of Phase II in this 
research program. 

Functional flow diagrams of the software developed for Phase I are 
given in Appendix D. The flow diagram for lamp control used in the 
demonstration progression tests 1s designated as test type 5, and the 
flow diagram for selected' frame progression testing is designated as 
test type 6 in the Appendix, 
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IV. COURSEWARE INTERFACE 



The Computer Output to MIcrofiGhe (COM) Graphics Editor^ as des- 
cribed in the configuration specification, has been implemented as the 
CAMIL (Computer Assisted, Managed Instructional Language) program EDIT- 
FICHE to provide maximum fit with the various components of the AIS. 
The program flow of EDITFICHE is shown plctorially in Figure 5. At 
this time, only Program Segments 1, 4, and 5 are operational. A de- 
tailed description of the program flow for EDITFICHE is presented in 
Appendix E, 

In order to illustrate the functions of the COM Graphics Editor 
development plan, it will be useful to describe the prototype course-, 
ware development effort that resulted in both the hardcopy and micro- 
fiche test versions that were used in the demonstration of progression 
testing during Phase I. The design and production of these materials 
served to clarify what steps should be taken to capture the courseware 
development capability of the AIS system and bring it to bear on the 
routine production of materials for the MT/MF system. 

A. Design Considerations 

Figure 6 presents an example of test questions and associated 
graphics taken from a- booklet of test items prepared for the MT/MF 
demonstration. The hard copy illustration introduces basic questions 
or considerations that shaped the COM Graphics Editor development. 
These considerations are: 

1. How can text and graphics be routinely merged within a frame? 

2. What constitutes an effective format for presentation of in- 
structional content via microfiche? 

3. How can the microtenninal response handling capability be 
keyed with "correct" responses or other directives displayed 
on the microfiche viewer? 

These considerations touch on basically different design issues. 
The first consideration is embedded in a larger question related to 
production, costs, and technology. The second consideration is really 
one of instructional design principles involving trade-offs between 
instructional objectives, media selection, and the characteristics of 
the training environment and infrastructure. Finally, the ability to 
coordinate between the information being formatted for display and the 
response handling capability of the r'croterminal Is a special case of 
analyzing the particular CMI system aesign. The common denominator 
for rationalizing these design issues has been to improve the course- 
ware development capability of the AIS and initiate practical solu- 
tions to the design questions peculiar to the AIS. 

Figure 7 shows the prototype dual-flche developed in response to 
the courseware design issues and requirements for demonstration/ 
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Figure 7. Prototype Microflcht: The upper transparency contains the 
graphic component of each frame, the lower transparency contains the 
text component. Graphics were recorded with a step-and-repeat camera 
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evaluation of progression testing. The two films that have been photo- 
copies in Figure 7 are physically raglstered emulsion to emulsion and, 
when used 1n a viewer, produce a composite image of both the text and 
the graphics. The image so produced Is shown in Figure 6 as it would 
appear on the viewing screen* This technique allows for a logical 
separation between the production system used to produce text and the 
system used to produce graphics. 

Preparation of the text portion of each frame relies on the text 
editing capability of the AIS and the format of the information demon- 
strates the need for a text manipulation capability within the COM 
Graphics Editor in order to "reserve*' areas within frames for illus- 
trations and/or graphics. Similarly^ the choice of presenting two 
questions per frame (instead of perhaps, one or three) illustrates the 
options available in formatting a microfiche to accormodate specific 
types of information. The format of the microfiche shown in Figure 7 
reflects a balance among administrative considerations (e,g*s all block 
test versions available on one microfiche to improve test security and 
handling convenience), human factor considerations (e.g., the test 
items are presented sequentially 1n columnar format) and editorial con- 
siderations (e.g.j a change in criterion-referenced objectives necessi- 
tates revision of all three test versions). The particular microfiche 
format developed here for the demonstration of progression testing re- 
presents only one format option: in other applicationSs different format 
options can be expected to provide the necessary balance between design 
considerations (Kottenstette, 1979), The capability to select between 
format options and to implement new format options is part of the COM 
Graphic Editor development* 

In completing the planning for production of the prototype for de- 
monstration 5 It was necessary to know only which questions would be 
recorded in a specific frame and which responses were correct responses 
for the questions. With this information, the read-only memory in the 
microterminal could be programmed in advance to ensure correspondence 
between the information displayed and the programmed intelligence in 
the microterminal. In order to ensure coordination between the informa- 
tion displayed and the microterminal operation when new materials fire 
preparedj the development of the coursev^are editor will include the use 
of an algorithm computed from information contained in each test iden- 
tifier (currently the test booklet number). The algorithm will specify 
the location of the correct answer within the array of distractors for 
each question during fiche editing, as well as during microterminal pro- 
grarming* The answer array can be generated and stored In microterminal 
memory on a test-by-test basis. \ 




V. MICROTERMINAL/MICROFICHE SYSTEM DEMONSTRATION/EVALUATION 

The MT/MF system was evaluated during the Precision Measuring 
Equipment (PME) Course at Lowry AFB, Colorado. The PME Course is sup- 
ported by the AIS which 1s a large computer-based training system de- 
veloped by McDonnell -Douglas Corporation under contract to the Air Force 
Human Resources Laboratory. r rurge 

The PME Course provides Individualized instruction in meteorology 
and electronics. In an earlier study dealing with the development and 
evaluation of the microtermlnal itself, Steffen ci- ai , (1978) dis- 
covered that students who utilized the microtermlnal for the purpose of 
recording answers to an end-of-block criterion examination had higher 
test scores than did students who continued to use computer-readable 
test forms for recording their answers. The test score differences were 
Doth statistically significant and unexpected. Additional analysis of 
these resu ts indicate^ that the use of the microterminal contributed 
to the ability of students to concentrate on taking their test. Part 
il St/Sc®!-"! evaluation, In addition to evaluating the acceptance of 
the MT/MF System, was to attempt to replicate these earlier findings. 

1 1 °^ ^'^^^^ System occurred during a period from 18 

July 1979 to 1 October 1979. Three experimental groups and one control 
group were established. The first experimental condition for Group 
une (GU was the same as that established in the earlier microterminal 
evaluation; that 1s, the microterminal was utilized with a regular 
printed test booklet providing the presentation of test items. 

The second experimental group (G2) was really a control condition 
tor the subsequent experimental condition in which a microfiche and 
viewer/reader would be the medium of presentation. This second group 
utilized the microterminal in conjunction with a paper test booklet in 
which each page was formatted in the same manner as would occur on the 
microfiche itself. Recent studies by the Navy (Graham & Johnson, 1979) 
nave indicated that use of microfiche slows down completion rate in in- 
struction and testing. The second experimental group along with the 
first group would serve to provide sufficient baselines against which 
n could be determined whether or not use of microfiche In and of it- 
self slows down student performance. 

The third experimental group (G3) utilized the microterminal In 
conjunction with a microfiche reader. As explained earlier, the micro- 
terminal was connected physically to the microfiche reader and controlled 
access to the appropriate area of the microfiche through control of the 
projection lamp in the microfiche viewer. This control Is provided 
through a location detection system added to the platen of the micro- 
fiche reader. A student after accessing the prescribed test version on 
the microfiche had access to all items in the test version and could ac- 
cess them in any order just as can be done with a pencil -and-paper test. 

The control group consisted of a sample of students tested during the 
same time period as the experimental conditions. Since there were only 
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two micro terminals and/or MT/MF systems avail ableii some students were 
not able to participate In the experimental conditions. Subjects were 
assigned to a particular condition on a first come basis* In addition 
to the limited availability of equipments another factor was the cer- 
tain degree of self-selection exercised by students. Some students 
who would have been able to use the experimental equlpm.ent elected not 
to do so. This aspect is discussed in more detail later* 

Three major areas of concern were evaluated. The first was to see 
if the use of the microterminal had a positive effect on test=tak1ng 
behaviors as had been discovered in a previous evaluation of a Weapons 
Mechanic Course at Lowry AFB. The more- difficult subject matter of 
the PME course, plus the different student population, provided a good 
set of conditions for a cross-validation of the previous findings. In 
regard to the student population, students in the PME course tend to 
be older and are often cross-trainees; i.e., personnel who have been 
in the service but who are changing career fields. The general apti- 
tude of the students is also higher because of more restrictive en- 
trance requirements. In the previous study (Steffen et al., 1978), 
students who used the microterminal for recording their test item res- 
ponses averaged seven points higher than did students v;hc used mark- 
sense computer forms. There was random assignment to cond^'tiOHs and 
an analysis of covariance (ANCOVA) was performed. Student conFients 
led the investigators to the conclusion that the microterminal enhanced 
concentration during testing. 

Table 1 presents the means and standard deviations for the depen-' 
dent variables (Block Times Block Score, and Test Time) across condi- 
tions. Tables 2 to 4 provide the ANCOVA results for each of the de- 
pendent variables with the coVRriates being pre-assessment measures 
that are predictive of student performance in the PME Course* These 
covariates are: VAR ^-Reading Vocabularys VAR 4-Reading Score, VAR S- 
State Anxiety Score, VAR 6-Current Grade, and VAR 7-txper1ence in Self- 
Paced Instruction. 

In addition to the pre-assessment variables which serve as co- 
variates. Block Time (completion time) is an Indicator of student ap- 
titude in a mastery learning environment such as exists in the PME/AIS 
learning centers. If the microterminal or the MT/MF System had a posi- 
tive or facilitating effect on test-taking behavior ^ then it would be 
expected that the groups using either the microterminal or the MT/MF 
System would have significantly higher block scores than did the con- 
trol group but would show no difference in block completion time. 
Table 2 shows that there was no significant difference in block com- 
pletion time, and Table 3 shows that there were no significant differ- 
ences in block scores for the four conditions. These results indicate 
that the facilitating effect of the microterminal found in the Weapons 
Mechanic Course was not upheld in the PME environment. 

The second major area of concern was whether or not the new techno- 
logy of the MT/MF System would have an inhibiting effect on student 



Table 1. Means and Standard Deviations for 
Dependent Variables and Condition 



Block Time 
X 
SD 

Block Score 
X 

SD 

Test Time 
X 
SD 



G0 

(n-25) 

588 min. 
167 min. 



Gl 
(n=28) 

606 min. 
151 min. 



B2 

(n=23) 

553 min. 
234 m1n. 



78% 
15 



7B% 
14 



83% 
9 



80 min, 
14 min. 
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82 m1n. 
16 min. 



Table 2. ANCOVA for Block Time and Condition 



SOURCE OF VARIATION 



COVARIATES 
VAR 3 
VAR 4 
VAR 5 
VAR 6 
VAR 7 



MAIN EFFECTS 
VARI 



ED 



SUM OF 

SQUARES 



593826,327 
163050.962 
■75459.727 

8824.111 
110436.394 

5033.245 



27705,677 
27705.677 



621532.503 



DE 



5 

t 



3 
3 



8 
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CTf MT 


SqUARE 


F 


OF F 


118765.365 


T . UUu 




163050,962 


5,500 


.021 


75459 727 




lid 


8824.111 


.293 


.587 


110*136 394 




iUy/ 


5033.245 


.170 


.681 


9235.226 


.312 


.817 


9235.226 


.312 


,817 


77691. 5w' 


2.621 


,012 



RESIDUAL 



2757194.840 



93 



29647.286 



TOTAL 



3378727 J43 



101 



33452.746 
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Table 3. ANCOVA for Block Score and Condition 
SOURCE OF VARIATION ^ D£ -sR F fj' 

f 

'"Sr?" llll-l'' ' 54;.M9 7.441 .001 

VAR5 '"H" 1 '02,857 .807 .371 

WR ,^''^° 1 2.140 .017 98 



1 386.864 3.037 



ED 4981.913 8 



622.739 4.888 



11847,577 93 127.393 



TOTAL 16839.490 101 



166.629 



.085 



"SrV"^^^" ? 30.724 .S34 .595 



3 80.724 .634 ,595 
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Table 4. ANCOVA for Test Time and Condition 



;t3URCE. OF VARIATION 



SUM OF 
SQUARES 



DE 



MEAN 
SQUARE 



SIGNIF 
OF F 



COVARIATES 
VAR 3 
VAR 4 
VAR 5 
VAR 6 
VAR 7 



1404.419 
215,473 
680. 79d 
51.990 
3.798 
7.925 



280.884 


1.535 


.190 


215,473 


1.178 


,282 


680,796 


3J21 


.058 


51.990 


.284 


.596 


3J98 


.021 


.886 


7,925 


.043 


.836 



EFFECTS 



VARI 



174,208 
174.208 



EXPLAINED 



1578.627 



RESIDUAL 



12625.451 



2 
2 



87.104 
87.104 



.476 
,476 



.623 
.623 



7 225.518 1.232 .297 



69 182.978 



TOTAL 



14204.078 75 186.896 
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performance reflected in either block score or test taking time. As 
already indicated, previous studies (Qrahani & Johnson, 1979) of micro- 
fiche use 1n Navy training found that the format and use of microfiche 
readers increased student completion times. Group 2 serves as a spe- 
cial baseline in addition to the control group (GO) and Group! which 
simply used the microtermlnal with a normal test booklet. For Group 2, 
the paper test booklet was reformatted such that test items appeared 
as they would when microfiche is used to present the test items. If 
the use of microfiche and its attendant reader is difficult to use be- 
cause of human factor reasons, then it would be expected that block 
score and/or test time would be negatively affected for Group 3 in 
comparison to Group 2 and also in companson to Groups 0 and K The 
results shown in Tables 3 and 4 do not show a significant effect on 
either block score or test time because of the use of the MT/MF System. 
The net result in terms of student performance was that the technolo- 
gies of the microtenninal or the MT/MF System were neutral in their 
effect on student perfonnance. 

The effect of student attitudes comprised the third area of con- 
cern. Figures 8 to 10 report the findings regarding student atti- 
tudes toward the microterminal and the Mt/MF System for each of the 
three experimental conditions* As was found with the previous evalua- 
tion of the microtermlnal In the Weapons Mechanic Course^ the majority 
of students preferred the use of the microtermlnal to the mark-sense 
computer test forms for the recording of student answers, Additionallys 
as items 11 through 16 in Figure 10 Indicate, students had a strong 
preference for the MT/MF System in the test-taking environment. 

The fact that the use of the microterminal in the PME Course did 
not have a positive effect on block test scores as had occurred in the 
previous Weapons Mechanic Course study can partially be explained by 
the responses given to items 6 and 12 on the student questionnaire. 
In the previous study^ it was hypothesized that use of the microter- 
minal minimized recording errors typical of the mark-sense computer 
forms and that this was a result of enhanced concentration when answer- 
ing tlie test items. Table 5 gives the percent response to Items 6 
and iz for all three PME experimental groups plus the previous results 
from the Weapons Mechanic Course. The Weapons Mechanic students Indi- 
cated to a much larger degree than did the other groups a preference 
for the microterminal over computer test forms, and they stated that 
the microtermlnal aided their concentration on answering test items. 

As mentioned before, the students in the PME course tend to be 
older because many of them are retrainees from other career fields i 
and they are selected on the basis of higher aptitude criteria for 
course' entry. For students (mature trainees). It can be speculated 
that recording errors are not as comnon or that the ability to concen- 
trate on test items Is not as variable as found with Weapons Mechanic 
trainees. The present findings, as compared with the previous findings 
In the Weapons Mechanic Course, reflect the well known fact that the 
more experienced and higher aptitude people are more adaptive and ac- 
commodating in their behavior* 




Tab! I 5. Percent Responses to Student 
Questionnaire Itims 



Item Responsi 


Weapons 
Michinic* 


• 

PHI 
GrouD 1 


. mi 

GrouD 2 


PME \ 
GroUD 3 




16 


112 


16 


112 


16 


112 


16 


112 


Yes 


881 


811 


481 


661 


481 


64^ 


521 


631 
371 


No 


01 


191 


141 


341 


171 


361 


181 


No Difference 


121 




381 




351 




301 





*Data from Steffen et al., 1978. 
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Figure 8 

STUDENT QUESTIONNAIRE 

Microterniinal Use 
(Group l-M1crotenninal Only) 

What IS your opinion of the microtermlnal? 

89-3 Good 10.7 Bad 0 Indifferent 



Which would you rather use for answering test questions through- 
out the rest of the course? 

86.2 Microtermlnal 13.8 ■ Computer Test Form 

Did you feel nervous using the microtenninal? 7.2 Yes 92.8 No 

Was the microtemilnal difficult to use? 17.5 Yes 82.8 No 

Did you feel that you were restricted by the microtenninal, as 
compared to a test form, 1n the way you could answer test aufs- 

17.2 Yes 82.8 No 

Over the length of the course do you think 'that you would have 
less problems using the mlcroterminal and its memory module than 
computer test forms? ■ 45.3 Yes 13 2 No 



Were the directions indicated by the lighted messages on the 
microtermlnal hard to follow? 0 Yes 93.1 No 



6.9 Marginal 

Was the display area of microtermlnal easy to read? 

96.6 Yes 3.4 No 



Was using the memory module at the management terminal as easy as 
using a test form? . 86.2 Yes 13.8 No 

In the space below, please Indicatfc any other consents or sugges- 
tions you may have about the microtermlnal. 
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^Bf' -lr ^^^ ^^ ^^^^^^^™^^^"^ "iake block testing seem easier to you? 

W^&fS':-. - / . - -■;.„. 69.0 Yes 31 .0 No 



12. By using the mlcrotermlnal instead of a computer test form, for 
recording your test answers r did you feel that you were better 
able to concentrate on answering the test items? 

65.6 Yes 34.4 No 

13. What Is the single thing about the mlcrotermlnal which you either 
liked or disliked the most? Please answer below. 



THANK YOU FOR YOUR COOPERATION 



Figure 9 

STUDENT QUESTIONNAIRE 

Mlcroternilnal Use 
(Group 2-M1croternn'nal & Hardcopy Test) 

What is your opinion of the microtermlnal? 

8L0_ Good 4.3 Bad 8.7 Indifferent 

Which would you rather use for answering test questions through- 
out the rest of the course? , 

95.7 Mlcroterininal 4.3 Compiiter Test Form 

Did you feel nervous using the microtenninal? 9.3 Yes 90.7 No 

Was the microterminal difficult to use? 9.3 Yes 90.7 No 

Did you feel that you were restr1ct';d by the microtermlnaU as 
compared to a test forms in the waj you could answer test ques- 
tions? 4.8 Yes 95.2 No 

Over the length of the course do you think that you would have 
fewer problems using the microterminal and Its memory module than 
computer test forms? 47.8 Yes 17.4 No 

34.8 No Difference. 

Were the directions Indicated by the lighted messages on the 
microtemiinal hard to follow? 9^3 Yes 90.7 No 

Marginal 



Was the display area of the microterminal easy to read? 

' 00 Yes 0 No 

Was using the memory module at the management terminal as easy as 
using a test form? 

95.2 Yes 4.8 No 

In the space below, please indicate any other comnents or sugges- 
tions you may have about the microterminal. 
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Did the nilcroterminal make block testing seem easier to you? 

74.0 Yes 26.0 No 

By using the mlcrotermi nal instead of, a computer test form, for 
recording your test answers r did you feel that you were better abl 
to concentrate on answering the test Items? 

63.6 Yes 36.9 No 

What is the single thing about the microterminal which you either 
liked or disliked the most? Please answer below. 



THANK YOU FOR YOUR COOPERATION 



Figure 10 

STUDENT QUESTIONNAIRE ' 

(Group 3411 crotermi nil /Microfiche) 

What is your opinion of the ml crotermlnal /microfiche system? 

96-3 Good 0 Bad 3.7 Indifferent 

Which would you rather use for answering test questions through- 
out the rest of the course? 

92.3 M1 crotermlnal 7.7 Computer Test Form 

Did you feel nervous using the m1croterm1na1/m1crof1che system? 

25.9 Yes 74.1 No 
Was the mi crotermlnal /microfiche system difficult to use? 

3.7 Yes 96.3 No 

Did you feel that you were restricted by the microtermlnal , as 
compared to a test form, in the way you could answer test ques- 
tions? 

7.4 Yes 92.6 No 

Over the length of the course do you think that you would have 
fewer problems using the microtermlnal and its memory module than 
computer test, forms? 

51.9 Yes 18.5 No 
29.6 No Difference 

Were the directions Indicated by the llghtad messages on the 
microtermlnal hard to follow? 

3.7 Yes 96.3 No 
^-^^ Marginal 



Was the display area of the microtermlnal easy to read? 

92.6 Yes 7.4 No 

Was using the memory module at the management terminal as easy as 
using a test form? 

96.3 Yes 3.7 No 

In the space below, please indicate any other comments or sugges- 
tions you may have about the microtermlnal. 



Did the microterniinal/rnicroflche system make block tasting seem 
easier to you? 

- 70.4 Yes 29.6 No 

By uiing the microterin1na1/m1crof1che system instead of a computer 
test form and test booklet did you feel that you were better able 
to concentrate on answering the test Items? 

63.0 Yes 37.0 No 

Using the microfiche reader, was finding the test Item you wanted 
easy? 

85.2 Yes 14.8 No 
Did you have trouble reading the test items on the microfiche? 

14.8 Yes 85.2 No 

Did you feel you could go back to previous test items using the 
microfiche- as easily as you could with a test booklet? 

^ 77.8 Yes 22.2 No 

Would you mind using a microterminal/mlcroflche system for the 
rest of your testing in the course? 

7.4 Yes 92.6 No 

What is the single thing about the microtermlnal/microfiche system 
which you either liked or disliked the most? Please answer below. 



THANK YOU FOR YOUR COOPERATION 
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4.U Il!Mr°e^^l!^^°'?^ ^® ^""^wn from the present evaluation of 

the MT/MF System is that the microtermtnal is a preferred technology 
for the recording of answers to test items 1n a CBI environment and 
that the use of microfiche for the presentation of test items does not 
impose any problems for students in terms of their ability to perform 
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VI. CONCLUDING REMARKS 



- The specific objective of Phase I V as outlined In Saction 1 of this 
repoHv w^^^ damon strati on of the MT/MF System 

: and courirtwara in support progression testing should now be evaluated 
during sustained classroom operational^ M 

The principal areas of iniproved CBI perfonnanci expected from in-.^ 
corporation of the MT/MF System are as follows^ (a) the use of the 
mainframe computer in the production of courseware delivered by the 
microfiche component I (b) the use of altarnative instructional func-- 
tlonSi including progression testlngi selective testing, and adaptive 
testing and instruction, (c) Increased test security and integrity of 
the testing process, (d) increased precision in the testing process, 
(e) reduced costs in the administration of tests, and (f) reduced costs 
in the delivery of adaptive Instruction through student terminals* 

It Is believed that as the Phase I product is user evaluated and 
resultant lessons learned are applied to continued development during 
Phases II and III of this effort, each of the above areas of Improved 
CBI performance will not only be realized, but final total acceptance 
of this technology can be anticipated by the user students and instruc- 
tors* 
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APPENDIX A 

Configuration Spaciflcation 
(Sections 1, 2, and 3.1) 
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CONFIGURATION ITEM PRODUCT FUNCTION SPECIFICATION 
FOR MICROTERMINAL/MICROFICHE SYSTEM DEVELOPMENT 



1. SCOPE 

1. SCOPE 

T.l This specification establishes the performance, design test, manu 
Tacture, and acceptance requirements for the Microtermlnal/Mlcroflche 
prime item. 

1.2 CLASSIFICATION " . • 

Not applicable. 
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AFB, CO. Technical Training Division, Air Force Human 
Resources Laboratory, September 1978. 
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. tion". C02935.01. McLean, VA: Planning Research Corporation, 
May 1978. r » 

Kottenstette, J. P., "Microfiche Applications in an Individualized, 
Self-Paced Learning System". Lowry AFB, CO: Technical Train- 
ing Division, Air Force Human Resourc?s Laboratory. (In press) 



3. REQUIREMENTS 
3.1 ITEM DEFINITION ' 



The item specified is composed of four major components which to- 
gether will support testing and instructional applications In a computer- 
based Instructlcinal environment. The components of the item are: 1) A , 

,,microf1che reader| 2) A microterminah 3) A memory modulei and 4) A de- 
vice to interface the ml croterfflinal and the microfiche reader in order 

: to coprdinate the information presented to student users with the in- 
structional strategy Implemented (and controlled) by the microtermlnal . 
..All co^^ with the exception of the microfiche reader, will be 

produced. The microfiche reader will be modified in accordance with re- 
quirements of the Interface device, however. 



I 



The item, referred to as the ml cmterminal/microfiche (MT/MF) sys- 
tenij relates to a contputer-based-instructional system 'such as the Ad- 
vanced Instructional Systim--Refirence 1) by providing for student res- 
ponse handling (mlcroterminal ) ; for courseware presentation (micro- 
fiche)! and fpr data collection relative to the student's transactions 
on the MT/MF (memory module). The principle areas of improved CBI per- 
formance expected from incorporation of the MT/MF system are: 1) The 
use of the mainframe computer 1n the production of courseware delivered 
by the microfiche componenti 2) The use of alternative Instructional 
functions, including progression testing^ selective testings and adap- 
tive testing and instruction; 3) Increased test security and integrity 
of the testing process; 4) Increased precision in the testing process; 
5) Reduced costs in the administration of tests; and 6). Reduced costs 
1n the delivery of adaptive instrjction through student terminals. 

The microfiche reader an ol t-the-shelf component; the micro- 
terminal and its associated memory module have been prototyped (Refer-^ 
ence 2); the Interface device, to be incorporated In the microfiche 
reader and in the mlcroterminal (not a stand-alone component) will pro- 
vide verification of the fiche position through software control and 
control of the reader projection lamp. The necessary software to sup-^ 
port the instructional functions will be developed as an Integral part 
of the item as well as methods for the production of courseware using 
Computer Output Microfilm (COM) to achieve the Instructional functions. 

3JJ Item Diagrams 

The relationship between the item block diagram and the CBI sys- 
tems In which it 1s embedded Is shown in Figure 1, Note that provision 
has been made for the delivery of courseware using a paper-based or 
hard copy materials in addition to the microfiche delivery medium. In 
this case, all verification functions provided by the interface between 
the mlcroterminal and microfiche reader are accomplished by the "stu- 
dent subsystem". The shaded area of this figure represents the hardware 
configuration of the item; enclosure "A" represents the provisions for 
MT/MF subsystem interaction with a CBI system when microfiche is being 
used for the delivery of courseware; and, the dashed line "B" represents 
the provisions for this Interaction when hardcopy materials are to be 
used as the courseware delivery medium. In the latter case, those com- 
ponents included in enclosure "A" would not be present in the configura- 
tion* 



3.1.2 Interface Defi n ItLon 
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Two hardware/ software Interfaces are required for item performance 
and a third Interface* a software-courseware Interface, is required for 
effective integration of the item into the CBI system. While the third 
interface is not Integral to the item, its development as a component 
of the Advanced Instructional System insures correspondence between 
directives given by the mlcroterminal and the specific courseware pre- 
sented on the microfiche reader display to which student responses are 
expected, 
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^'"''^'^ iiSnn'avs?e^^^ ^ ^^^^^ '"^ the Advanced Tn.tn.r, 

,tr.irIfnn^f*!'Tf^ to the AIS, or Other comparable computer-based-in- 
TM^ modu?l ff accomplished by the memory module component. 

Sn?.?L JLh f''3"ed to plug directly into the mlcrotertninal and 
contains Random-Access-Memory RAM to receive data entered into the 
microterminal by students for transfer to the CBl syl?ef S mllarlv 
data can be downloaded from the CBI system and transferred to the ^' 

c1?cu t^^" nblelTr't P^f^^*^ f schematic of the memory mSdule 
Huff In7;.e ^ ! i"- V^^^ ^'^^ input/output signals of the memory mo- 
fplturP^ nl JhP-l r^tage levels. Figure A=2 shows the mechan^al 
features of the module. The electrical and mechanical requirements of 
Interns system' In order to efflct thi 

3-1-2.2 Interface Between the Micr oterminal and the Microfiche 
Reader (MT/MF T/ ny -"^ ' ' 

functlonsf^^^ *^^°'"Pli'shed by the performance of the following 

a. Fi Che Position Ver1f1cat1on-the continuous monitoring of th^ 
microfiche reader platen by a specially dc^slgned transducer^ 
Which can be mounted on an "off-the-shelf" reader. The trans- 
ducer output signals are then translated to digital levels 
^hich can be transferred to the microtermlnaT to allow veri- 
tication by software that the reader user is positioning the 
platen at a proper position as instructed by the microterminal 

b. Lamp Control-this function consists of the control of the 
projection lamp in the microfiche reader by the microterminal 
tor security applications when portions of Information on the 
tiche are to be unavailable to a student. 

„o.f4^'^"^®^.J 'f/n block diagram of the MT/MF I/O. The mechanical con- 
nection of the I/Q to microterminal will be into a connector supplied 
for the memory. module. Thus, all mechanical and electrical specifica- 
tions of the memory module as outlined above must be present in the 
i/u. In addition, a mechanical and electrical Interface will exist to 
accomfTiodate the memory module in the same manner as Is provided for In 
the microterminal. The multiplex switch will receive control informa- 
tion^from the microterminal to direct the flow of data between micro- 
-arminal and memory module or between the microterminal and microfiche 
reader as desired. The lamp control function will consist of only a 
Tiip-fiop to serve as a lamp command latching device to latch on/off 
commands and a solid state relay which basically contains an optical 
isolator and triac to switch the lamp. 

The design of the platen X and Y positions transducers and signal 
conversion control 1s not yet complete. However, Figure 5 is a block 
diagram of a proposed design alternative that appears most feasible at 
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FIGURE A-l. MEMORY MODULE CIRCUITRY 



Table A-1 . 

MEMORY MODULE SIGNALS 

Connector P1n Hgjami .Description 

PI-'' Addr 3 Address T = +5V 

Addr 4 Address T « +5V 

,Addr 5 Address T = +5V 

Addr 6 Address T = +5V 

^^■5 Addr 7 Address T = W5V 

P-"^ - I/O 1 ' Data Input/Output +5V/0V 

. 1/0 2 Data Input/Output +5V/0V 

^^■^ I/O 3 Data Input/Output +5V/0V 

, ^^"^ I/O 4 Data Input/Output +5V/0V 

Strobe Negative Edge +5V to 0V 
PI-''"' . . CSTTin Chip Select T = 0V 

P^-''2 ■ R/W Read = +5V . Write = 0V 
Pl-13 NC . 

PI -14 Addr 2 Address T = +5V 

P1-15 Addr 1 Address T = +5V 

Pl-16 Addr 0 Address T = +5V 
P''-'l7 Ground 
Pl-18 NC 
Pl-19 NC 

Pl-20 NC „ 
P1r21 NC 
Pl-22 NC 
Pl-23 +5V 

Pl-24 ■ NC , „ 

Pl-25 ' NC „ 




t 1 
t I 
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F16URE MECHANICAL LAYOUT OF MEMORY MODULE 



fhlM-?^®\- t-^afisducers will be linear potentiometers mounted to 

each^axis) In l^^""^''^ 'f"^^' '^'^'''^ the potentiome er^or 
eacn axisj to move in accordance with platen motion The ^ianai rnl 

uiie miLrotermina ! via the multiolex switrh 



Jltiplex switch. 

A second alternative design of the platen X and Y Dositlon tran^ 
ducers and interface consists of an optical approach ThrajDLch 

^^'h? r3eq?ee°of?^ MM-prodSL mtoflchfKl 

In^L degree of X-Y precision in the recording of each frame It 

?idl n? ^1 P^"ti"l to add a code to each frame atlhe rightlhand 
side of the frame that could be "read"-even at very low lamp In tens t 
ties-=to provide either frame, Item, and/or unit verification Such a 

"^^^ P^^^^^^e lamp control for h g serur ty 

fiSJra?.nn"'' '^^^'^^ ^^«Pted to different reade?>vilwer con- 

wlfhoSrSflJatlon:' ''''''''' ''''' magnification ratios!" 

3.1.2.3 Cojj rseware Interface 

The course author would first enter the text of his course into the 
system using the regular AIS Source Editor, but including additional 
characters which would key the text to the fiche format, e.g. to dell- 

AfLP'Sf?? t h{ -K ''P'''*' ^f'"°" ^tems, answers, and distractors. 
MTter the te,st has been prepared, the author would use the microfiche 
layout generator to position the text on the fiche with appropriate' 
margin adjustment, framing, and graphics bl..ks. After the fiche is 
maHr Jlc' ^f-i'"^^ On either COM or line printer (with auto- 

matic tesc key file or micro terminal download file generation), and the 
materials evaluated. If any errors are detected, then the process 
Wh^„ .h® !:®P"ted, with only corrections and updates made at each stpp 
When the lesson is certified, the lesson materials will be available 
directly, since they are the same ones used to evaluate the lesson. 

The microfiche layout editor Is depicted in Figure A=3, with the 
editors and riles required to support its use. The CAMIL Source Ed1= 
Srj-? the Source Text File already exist. The Graphics Editor and 
Graphics File do not exist, and are not proposed as elements to be in- 
cluded with the current system, but would be appropriate future addi- 
tions to the system if the services of a COM generator with graphics 
capability are added. The microfiche layout file Is shown as a sepa- 
rate tile, but could be incorporated into the CAMIL Source File if that 
?f J?^-^^"? ' conflict with the existing AIS file handling system, and 
It multiple layouts were not made for the same text file (e q multinle 
versions of a test from the. same item pool ). For these reasons, it is 
not suggested that the microfiche layout file be Included In the next 
Tile. The Test Key File and/or microtermlnal Download File would be 
generated for use with the Adaptive Model when the materials are being 
used for testing or adaptive Instruction. In order to use the data In 
these files, the adaptive model would have to be modified in a manner 
which will not be capable of being defined until these applications are 
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The Microfiche Layout Editor would use the griphics capabilities 
of the AIS type A terminal to allow the course author to see and con- 
trol the format of the text as it is being placed on the fiche, but will 
automate the actual formatting process by providing margin adjustment 
and test item randomization. In addition, for testing and adaptive in- 
struction, the editor would generate appropriate data files for use by 
the mi croterm-nal /microfiche system, so that no other program would be 
needed (except for the Adaptive Model and B terminal firmware modifica- 
tionsj tc utilize the microterminal/microfiche system. 

When a courseware specialist is using the Fiche Editor, he/she 
would be presented with a menu page similar to that shown in Figure 7 
mis menu would allow t^e specialist to name the files to be used in 
the COM generation, select the overall fiche format (e.g., 48x-text, 24x 
text, etc), insert the fiche title, fill the frames with text, generate 
the output files, and select frames for format specification. In addi- 
tion, as an aid to locating frames for further editing, an optional 
display of the entire fiche, showing frame numbers and status (blank, 
formatted, or filled) would be available. 

If a frame is selected for editing, then the editor would display 
the page in schematic form, as shown in Figure 8. While in this frame 
margins could be specified (top, bottom, left, right) with provisions 
tor text justification if desired; areas of the frame could be reserved 
for the insertion of graphics and control character features specified 
(e.g., paragraph indentation as well as indentation .nd location of 
question answers and distractors). Text layout would be shown by suit- 
able graphics symbois rather than actual text since the plasma display 
IS not large enough to contain the information for even a workable por- 
tion of a frame (i.e., plasma panel is 32 lines x 64 characters vs. 66 
lines X 132 characters for fiche). Also, the text editing is to be 
done elsewhere, without regard to margin justification, while this pro- 
gram is intended to assist in page layout, without regard to textual 
content. 

3.1.3 Major Component List 

There are four major components in this item: 

a. Microterminal - this component consists of an existing 
device developed under a previous contract (F33615-77- 
C-0045) and is included as a part of this item in the 
same configuration as developed in that contract. 

b. Memory Module - this component will consist of an exist- 
ing device developed under a previous contract (F33615- 
77-C-0045) or a modified version of the existing device 
capable of more storage capacity for information exchange 
between this item and CBI systems. 

c. Microfiche Reader - this component consists of a commer- 
cially available "off-the-shelf' device which shall be 

51 

5r 



modified only to the extent required to accommod&te the 
platen transducers and control of the projection lamp. 
Presently^ two readers art being considered. They are 
the NCR 156-5 COM Reader and the MICRON 750 Reader, 

d, M1croterm1nal/Microf1che Reader I/O - this component will 
consist of all hardware necessary to effect the proper 
interchange of signals between mlcroterminal and micro- 
fiche reader as discussed in paragraph 3 J. 2, 

3.1.4 Government-Furnished Property List 



As a separate task on this contract, 20 mlcroterminal s are being 
constructed of which 10 are to serve as government-furnished equipment 
for Incorporation Into this Item, The microfiche readers will be gov- 
ernment-furnished If the particular model chosen for this item is one 
of several models that were purchased by the government on a separate 
contract, F33615-77-C-0057, for evaluation and classroom demonstration 
purposes. 
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APPENDIX B 



Assembly Drawl n 
Parts List 



POWER CORD ENTRANCE 
AS RELOCATED 



RESISTOR a MOUNTING 
HARDWARE! a PLACES^ 



SLiOERSaMOUNTiNG 
HARDWARE (2 PLACESjN 



P.C;BOARO a MOUNTING HARDWARr 
(4P0TINTI0METERS MOUNTED ON 
RCJOARD a ADJUSTED THRU REAR 
LOUVER). 




FIGURE B-1 
FICHE VIEWER MODIFICATIONS , 
(SHOWN WITH OPTICS AND VIEWING SCREEN REMOVED FOR CLARITY) 
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MC 14508B IC 
74132 IC 
7404 IC 
7400 IC 
74121 IC 
339 Voltage comp, 



Table B-1 

MICROTERMINAL/MICROFICHE MODIFICATION 
PARTS LIST 

Quantity Unit/Item Number 

1 Adaptor Module DRI #14139 A 

1 Adaptor Module ' DRI #14190 

' Connector ciNCH DB-,15-P-V 

1 , Connector in DBK 25 S-V 

2 Spacer pRI #EA14113 
2 Spacer locking DRI #EA14m 
2 Pin guide dRI #EA14114 

1 Retainer clip DRI #EA14112 

2 Header Augat #5P26-10 
2 2-56 X 5/16" RH screws 

2 2-56 Lock washers 

2 2-56 Plain nuts 

2 Insulator .015 Mylar 

. .156 ID, 1250 OD 

2 IK 1/4W resistor 

2 5. IK 1/4W resistor 

4 .01 50V Cap Mallory C12C224M- 
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Table B-2 
MICRODESIGN 4010/4020 MODIFICATION 



PARTS LIST 

1 

Quantity Unit/Item Number 

1 PC Board DRI #14182 

1 Relay SIGMA 226REI-SA1 

2 100 ohm Potentiometers Bourns 

3299-W-1-101 

2 1000 ohm Potentiometers Bourns 

3299W-1-102 

4 200 ohm 1/4W Resistors 

2 = 20K Linear Potentiometer Waters 

#MEL 1350-B-6 

1 Cable assembly Royal Electrtnic- 

#3217 

1 Cable assembly Royal Electronic 

#3211 

2 Wipers for Waters 
Potentiometers 

1 Strain Relief HEYCO 6P-4 

1 Spacer, Inner DRI #14176 

1 Spacer, Outer DRI #14177 

1 Resistor Mount DRI #EA14175 

1 Resistor Mount DRI #EA14172 

1 Wiper Mount DRI #EA14174 

1 Wiper Mount DRI #EA14173 = ' 

1 Support, Strain Relief DRI #EA14216 

2 Support, PC Board DRI #EA14217 



Miscellaneous Parts 
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APPENDIX C 

Circuit Description and Schematic 
of Adaptor Module 
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Circuit Description 

The schematics for circuitry used in the microfiche viewer and- 
the adaptor module are combined in Figure C-1 . 

Rx and Ry are the linear potenti meters (position transducers) in- 
stalled in the viewer. Resistors R2 and R5 are used to adjust the maxi- 
mum voltage that Is applied to the transducers. Similarly, R7 and R8 
control the minimum voltage that results when the carrier is at its 
extreme XY position* These resistor adjustments provide the "set 
points" referred to earlier: they k^&tablish voltage levels across each 
potentiometer, and the levels required are derived from "calibration" 
software programmed into each microteminal * 

The solid state relay is installed in one lead of the 110 Vac sup- 
ply to control the power input to the viewer in response to signals from 
the microterminsl . This is essentially a series ac switch in the v^^wer 
and it controls both the lamp and the fan power. The original power 
switch must htill be used to control the high/low intensity setting of 
the lamp. 

Adaptor Module 

A single Analog-to-Digital converter Is used to convert both the 
X and Y voltage levels that define the position of the microfiche pla- 
ten to digital signals. The MC8BC converter used Is an eight bit mono- 
lithic device that requires an external voltage comparator and a clock 
generator. The analog voltages obtained from the X and Y transducers 
in the viewer are applied to the inverting inputs of two identical volt- 
age comparators. The Adaptor Module operates as follows: When a 
"start convert" puTse is received from the microterminal 1t is stretched 
by the one-shot multivibrator at U7, This is to prevent a race condi- 
tion at the flip-flop fonned by U3A and U3B* 

The start pulse sets this flip-flop which in turn enables the 
clock generator formed by the oscillator at U3D and gite at U3C- The 
counter in the A/D converter is reset to zero. If the D/A converter's 
output voltage is less than the analog Input voltage the counter is in- 
cremented and the D/A output increases by one LSB. These comparisons 
continue until the D/A output is equal to the analog signal, at which 
time the voltage comparator output switches and resets the flip-flop* 
This stops the clock generator and the binary value of the counter 
(proportional to the voltage on a potentiometer) 1s preserved in the 
tri-state latch. 

The XY SELECT Input controls which voltage comparator 1s being 
used to stop the counter. In this manner one A/D converter can convert 
both the X and Y values to binary values. 
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The TS/READ signal controls the tristate output of the latch. 
They are normally held 1n the high irnpedance states which allows the 
adaptors and ti^': m*/^ory module to time share the calibration. 

Calibration 

Calibration of thp position monitoring system for each microter= 
minal/microflche consists of adjusting the upper viewer combination 
and lower limits of the X and Y voltages to correspond with the rows 
and columns on tho microfiche (the set points). A sub-routine has been 
included in the software to facilit^'^te thi^ procedure. This sub-routine, 
in effect 5 allows the microtermin/r :^ di^jplfiy a hexadecimal representa- 
tion of the respective voltages on the potentiometers that correlate 
with known fiche fraine locations. This sub-routine is accessed from 
the keyboard by storing a decimal 12 (hexadecimal C) at address 0 in 
the memory module. 

When the module is inserted into the microterminal , the display 
will continoLsly sho.^^ n the hexadecimal format the X voltage in the 
two left-hand digits and the Y voltage in ^he two right-hand digits 
of the display. Place a microfiche into ^he corner, making sure- it is 
positioned properly, and align frame G-9 for viewing. Adjust R2 to set 
the X voltage to E-6 and R5 to adjust the Y voltage to B-8, Re-align 
the carrier to view frame A»l and adjust R7 to set the X voltige to 1-B 
and R8 to set the Y voltage to #-A. Repeat the above procedure to eli- 
minate interaction until all stated values of the pots are +0. The 
des'\^ed voltage values for other positions of the carrier are shown in 
Table C-1 . All voltages should be within + *02 volt of this table. 

Finally, position the index grid to correspond. to the frame being 
viewed. 

This procedure must be repeated any time the microterminal ^ the 
adaptor module^ or the microfiche viewer 1s replaced or when any re- 
lated maintenance is performed on them. 
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Table C-1 . Alignment 

ALIGNMENT OF MICROFICHE VIEWER INTERFACE 
LOAD ADDRESS 0 OF MEMORY MODULE WITH C(HEX) 
PLUG INTO MICROTERMINAL AND ADJUST 
TRIM POTS ACCORDING TO FOLLOWING TABLE ' 

f Frame Position Adjust Volta 

1 Col. 9 R2 

2 Col. 1 R7 

3 Row G R5 

4 Row A R8 3A 
Header rs gB 



E6 
IB 
B8 



Check frames according to following table: 

Col. 1 2 3 4 5 6 7 8 

y X IB 35 4F 67 80 lA B4 CD 

Header "^'^ 

A 25 

B 3A 

D . 79 ^ 

E 8E 



APPENDIX D 
Software Functional Flow Diagrams 
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APPENDIX E 

Description of the EDITFICHE Program 
Flow Diagram (Figure 5) 
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The user types in the 10 character title of the microfiche for 
which layout specifications are to be given. For a given microfiche , 
either (a) the layout specifications have never been given, or (b) they 
have been given but must be modified. For ease of discussion a set of 
layout specifications for a microfl'che will be referred as -'the micro- 
fiche", and if situation (a) occurs, a "nevv microfiche", or just "new 
fiche" and 1f (b) occurs, an "old fiche". 

The user keys 1n "n" or "o" to signify new or old fiche, respec- 
tively, A set of fixed default layout specifications for a fiche re- 
sides within EDITFICHE. If the fiche Is new. the program informs the 
user, as discussed in subsection B, what these default specifications 
are and that It intends to use them unless otherwise directed- If the 
fiche is old, this means that a set of layout specifications will al- 
ready have been given and stored as a record In an Indexed sequential 
file of the AIS data base. x 

Therefore, if the user enters "o", these will be retrieved for 
use and modification, by EDITFICHE, When the user terminates the ses- 
sion on EDITFICHE, the most current set of specifications for the fiche 
(which are represented internal to the program) are then written out to 
the AIS file FICHENAMES, for retrieval and modification at a later time 
if necessary. 

An image of the current global layout specifications for the 
fiche is presented visually to the user. If the fiche is new. the 
(jg fault set of specifications Is used and the fiche Image drawn accor- 
dingly. If the fiche is old, the retrieved set of specifications will 
be used. 

If the fiche is new, the user must Indicate the acceptability of 
the specifications. If unacceptable, the user must enter values f 
the fiche reduction factor and number of frames per row/column. The 
fiche image is then redrawn. 

If the fiche Is old, the image shown will also indicate the layout 
specification status of each frame. These are (a) not given, (b) given 
but not used to fill frame within text, or (c) used to fill frame with- 
in text. 

A menu is displayed beneath the fiche image and the ufier selects 
an option. These are: 

1. Specify .layout for frame{s), 

2. View pseudo-filled frame(s). 

3. Fin frame (s) with formatted source^ text. 



4, Print content of filled frame(s). 
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5. Generate tape for COM, 



6. Exit, . 

The user then specifies which frc.me(s) 1f any, are to be operated 
on under the option selected, . 

The program enters that segment which executes the option selected. 
The operation of each segment is described below. i 

Segment #1 . The user is shown an image of a frame which indicates 
current boundaries for text and graphics areas. Beneath this images 
the user is shown a set of commands for modifying margins within a 
frame (lefts right, top, bottom) and for adjusting the shape of various 
text and graphics areas within these margins. After each command has 
been keyed in, the image of the frame will be adjusted. Either NEXT 
or BACK must be pressed. If BACK is pressed^ the program returns to 
the menu page. - 

If the NEXT key is pressed, the command keys are disabled, and the 
frame image will be overlayed with multiple occurrences of a special 
graphics character. Each occurrence of this ^character corresponds to 
a non-blank character of the source text. When this view of the pseudo-^ 
filled frame is completed, the user presses NEXT or BACK* 

If NEXT is pressed, a second time, margin adjustment, and pseudo- 
filling is repeated for the next frame, if any. If there are no more 
frames, the programmer returns to the menu page. 

If after NEXT has been pressed, BACK is pressed, the overlayed 
characters are erased, the command keys restored., and the user can 
again rodify the margins or text graphics boundaries for the same frame. 

S egment #2, .The user is presented with a simulated view of a 
frame, as described in Segment 1, After simulation of each frame, the 
user must press NEXT or BACK. If NEXT is pressed, the next frame in the 
list is pseudo-fil led. If there are no more frames to be pseudo-fi 1 led 
and viewed, the program enters Segment 3. If BACK is pressed, the 
overlayed characters will be erased and Segment 1 re-entered beginning 
with the current fy^ame. 

Segment #3 , Each frame is associated with a section of a coded 
(i.e., text) SCOPE file* This segment fills each specified frame ac- 
cording to layout specifications. After the specified frames have 
been filled, the user must press NEXT or BACK. If the user presses 
NEXT, then Segment 4 is entered. If BACK is pressed, the program re- 
turns to the mnnu page. 

Segment #4. Thi s segment produces hardcopy of the formatted con- 
tent of each of the specified frames, Upon com^j^letion, the user must 
press NEXT or BACK. If NEXT is pressed, Segment 5 is entered. If 
BACK is pressed, the program returns to the menu page. 



. Segment «5. This segment operates on the SCOPE file which con- 

Jornr. °L™"-^ ^^'^ ^ '^"^ " I* encodes the text into 

tBCDIC characters and writes the file to a taoe, which is then used 
togenerate the actual fiche. After this batch mode job has been 
imtiated, the user must press NEXT or BACK. NEXT takes the user to 
Segment 6 . ' . - _ 

pSMOUiL. This segment writes on the new or updated layout 
specifications to the file FICHENAMES. After execution the user must 
press BACK or NEXT. NEXT terminates the program. = BACK ^e-starts the 
program so that another fiche can be edited. 
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